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1 Introduction
In this contribution, we further analyze the issues of Option 4 and suggest solutions to them.
	Agreements:
In terms of how to interpret L and K for all PUSCH transmissions, down-select between the following two:
· Alt 1: The time window within which valid symbols are used for transmission is L*K.
· FFS the definition of “valid symbols”
· Alt 2: The time window within which valid symbols are used for transmission can be longer than L*K symbols, and it is extended at least in case of semi-static DL symbols.
· FFS extension of the time window in case of dynamic DL symbols and/or semi-static flexible symbols and/or reserved symbols (if defined) and/or SSB symbols and/or type-0 CSS in CORESET#0 (as indicated by MIB)
· FFS the definition of “valid symbols”
· FFS whether to define a maximum time window size and if so, details
Conclusion:
In terms of how to handle the interaction of enhanced PUSCH with DL/UL directions, consider the following options:
· For DG PUSCH
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If dynamic SFI is configured
· Option 1: behavior not dependent on dynamic SFI
· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· FFS whether the conflict between dynamic SFI and symbols used for PUSCH transmission is considered as an error case, e.g.
· Option 1-1a: The UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window.
· Option 1-1b: No error case is defined and in general all semi-static flexible symbols are used for PUSCH within the PUSCH transmission time window.
· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
· Option 1-3: Dynamic indication in UL grant on which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the dynamically indicated invalid symbols.
· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.
· Option 2: the UE uses SFI to determine the symbols to transmit
· In case SFI is configured and received 
· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols
· Option 2-2: Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols
· Option 2-3: Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.
· Option 2-4: A repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol
· In case SFI is configured and not received
· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If dynamic SFI is configured
· Option 1: behavior not dependent on dynamic SFI
· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.
· Option 2: the UE uses SFI to determine the symbols to transmit
· In case SFI is configured and received 
· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols
· Option 2-4: a repetition is not transmitted if it conflicts with a semi-static DL symbol and a dynamic DL/flexible symbol
· In case SFI is configured and not received
· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant,
· Alt 1: same behavior as DG PUSCH
· Alt 2: same behavior as CG PUSCH without an associated UL grant
· …
· FFS: in case of a repetition not being transmitted (as in the above bullets), whether a repetition is a nominal repetition or a repetition after segmentation due to semi-static DL symbol(s)/slot boundary
· FFS: whether to postpone or not, and if yes, under what condition(s)
· FFS: whether/how guard period is handled
· Note that segmentation at slot boundary is always performed, even though it is not explicitly mentioned in the bullets above.
· FFS: the handling of conflict with SSB/PRACH symbols, the handling of conflict with semi-statically configured DL reception, etc.
· Other options are not precluded



2 Discussion
2.1 Definition of L and K
In order to limit UE implementation to reasonable options, which cover most of the cases, the number of mini-slots / repetitions mapped to one slot may be limited to two. It can also relax other issues, e.g. DMRS insertion, orphan symbols etc.
Changes to definition of length in SLIV are not preferred, i.e. S + L > 14 should not be supported, since the same functionality can be achieved by other combination of K and L.

Proposal 1
· Support mapping of no more than two PUSCH repetitions into one slot

Last time, two alternatives of L x K were identified. Our preference is alternative 2, which is more in line with the original intention of Option 4. In the same time, signalling of number of repetitions K may need to be very flexible if substantial portion of these repetitions is going to be dropped as in alternative 1.
Note, there is no need in definition of maximum time window in this case, since configuration of L, K, DL symbols, and skipped symbols is totally up to gNB, thus it can control viable combinations of these parameters.

Proposal 2
· Alt.2 from RAN1#98 is supported
· There is no additional time window configuration introduced

2.2 Postponing/Segmentation/Dropping
We further define situation when postponing or segmentation or dropping is applied:

Postponing
Postponing is applied when a starting symbol of a nominal repetition overlaps with an unavailable symbol (e.g. semi-static DL, reserved symbol). Note, postponing cannot be applied to the first transmission scheduled by dynamic grant.

Segmentation
Segmentation is applied when a non-starting symbol of a nominal repetition overlaps with an unavailable symbol. This symbol and the rest of the nominal repetition is postponed until the first available symbol.

Dropping
The dropping is applied for the cases defined in context of interaction with dynamic SFI and when a resulting repetition after segmentation does not fulfil length restrictions.

Proposal 3
· Postponing is applied to a non-initial repetition when a starting symbol of a nominal repetition overlaps with an unavailable symbol
· Segmentation is applied when a non-starting symbol of a nominal repetition overlaps with an unavailable symbols or with a first symbol of a slot
· Dropping is applied in case of collisions after postponing/segmentation performed
· Note, cases of collisions are defined separately

2.3 Interaction with UL-DL Directions
In case of dynamic scheduling, the paradigm of following the dynamically scheduled symbols w/o implicit re-interpretation should be reused from Rel.15. For that purpose, the skipped symbols should be explicitly associated with DCI scheduling PUSCH. The mechanisms to do that are described in section 2.6. Therefore, Rel.15 procedures for handling UL-DL directions conflicts may be reused.
The main modification comparing to Rel.15 would be that semi-static DL symbols are not used for mapping of repetitions in addition to separately dynamically/semi-statically reserved symbols.
Regarding the conflicts of configured PUSCH, it is proposed to reuse Rel.15 behavior as much as possible, i.e. repetition is not transmitted if conflicts with dynamic DL symbols, except the first transmission after Type 2 activation, and where same handling as for dynamic PUSCH is applied.

Proposal 4
· For DG PUSCH
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols and dynamically/semi-statically configured reserved symbols.
· If dynamic SFI is configured,
· Option 1-3: Dynamic indication in UL grant on which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the dynamically indicated invalid symbols.
· For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols and semi-statically configured reserved symbols.
· If dynamic SFI is configured,
· Option 2-4: A repetition is not transmitted if it conflicts with a semi-static DL symbol and a dynamic DL/flexible symbol
· For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, same behavior as DG PUSCH

2.4 Handling of Orphan Symbols
It is preferred that implicit rules are not introduced to handle the orphan symbols. If explicit signaling of skipping symbols is introduced, then the UE may not expect gNB scheduling to provide combination of SLIV and K so that it leads to orphans.

2.5 Signalling of Number of Repetitions
In our view, when aggregation factor and TDRA table are signaled separately, there may be combinations of these parameters, which are incompatible or useless. For example, two times repetition of one segment spanning almost whole slot, and single transmission of a pair of SLIVs spanning almost two slots may be redundant. In order to avoid this, a repetition/aggregation factor may be a part of the TDRA entry, so that it may only be applied to the entries, which benefit from it.

Proposal 5
· Nominal number of repetitions K is signaled as part of an enhanced TDRA table entry
· TDRA table size is increased up 32-64 entries

2.6 DMRS in Case of Segmentation
It is preferred that DMRS insertion in case of segmentation follows Rel.15 behavior for a given mapping type and a given starting symbol and duration of the resulting segment.

Proposal 6
· In case of segmentation, DMRS insertion follows Rel.15 behavior for a given mapping type and a given starting symbol and duration of the resulting segment

2.7 [bookmark: _Ref16874160]Skipping Symbols
As it is mentioned in many places within the contribution, it is crucial to have an explicit mechanism of skipping some symbols when Option 4 of enhanced repetitions is performed. More motivation for that was provided in our previous contribution [2].
For that purpose, a table of potential combinations of symbols, which are not available for PUSCH mapping in a set of slots may be composed. Then, an entry from this table may be dynamically associated with a given scheduled PUSCH. For example, it may be embedded into TDRA table entry or explicitly into DCI.


Figure 1. Illustration of skipped symbols

Proposal 7
· Dynamic indication of skipped symbols in a set of slots associated with a given scheduled PUSCH is supported
· Alt.1: skipped symbols are associated with an entry in TDRA table
· Alt.2: skipped symbols are signaled as a separate field in DCI

2.8 TBS and RV Determination
When PUSCH transmission is composed from repetitions of relatively small segments and/or unequal segments, the currently specified procedure of TBS determination using initial transmission may not provide optimal performance due to modulation and/or LDPC base graph mismatch. As it can be seen in the appendix section (see Figure 3), for the optimal performance, a longer total PUSCH transmission should be assumed when determining TBS/MCS.
This may be done by proper TBS scaling or PUSCH duration scaling, e.g. as scaling = min(Nslot, Ntotal) / Nfirst, where Nslot, Ntotal, and Nfirst are number of symbols in a slot, total PUSCH duration (excluding any gaps between repetitions), and first segment duration respectively.

Proposal 8
· Use the first segment duration for TBS determination and introduce scaling for TBS determination procedure as a function of the first segment, total duration, and slot duration

Even if TBS is scaled, the RV cycling sequence may need to be optimized for a given combination of segments. For example, obviously if for a combination of 8+4 the RV sequence {0,2} provides best performance, then for a combination of 4+8 the RV sequence {2,0} should also provide best performance. This may be seen in LLS results provided in the appendix section (see Figure 2). However, such a sequence is currently not available. Therefore, it is proposed to introduce more RV cycling sequences to cover all possible combinations of splitting the total PUSCH into smaller segments.

Observation 1
· Due to unequal PUSCH durations possible with enhanced repetitions, conventional RV cycling sequences do not provide optimal performance
· It should be possible to schedule RV2 followed by RV0 to optimize cases when a first segment is shorter than a second segment

Proposal 9
· Introduce support of all permutations of the RV sequences {0,2,3,1}

2.9 Frequency Hopping
When single segment is mapped to one slot, there is no need/justification to deviate from the already available intra- and inter- slot hopping which may be directly applied. When two (or more) segments are mapped to one slot, the intra-slot FH rules can be applied with modification. The modification may be needed when the segments have different length, where it is better to move FH boundary to the boundary between segments.

Proposal 10
· Support both inter-slot and intra-slot FH with two hops (two frequency positions) for PUSCH with more than one repetition within a slot
· When two or more segments are mapped to one slot, the intra-slot FH boundary is moved to the boundary between segments

3 Conclusions
In this contribution, we discussed enhancements to PUSCH to enable one dynamic/configured grant scheduling more than one PUSCH in a slot or across slots. The following proposals and observations are made based on the presented analysis:

Proposal 1
· Support mapping of no more than two PUSCH repetitions into one slot
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Proposal 2
· Alt.2 from RAN1#98 is supported
· There is no additional time window configuration introduced

Proposal 3
· Postponing is applied to a non-initial repetition when a starting symbol of a nominal repetition overlaps with an unavailable symbol
· Segmentation is applied when a non-starting symbol of a nominal repetition overlaps with an unavailable symbols or with a first symbol of a slot
· Dropping is applied in case of collisions after postponing/segmentation performed
· Note, cases of collisions are defined separately

Proposal 4
· For DG PUSCH
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols and dynamically/semi-statically configured reserved symbols.
· If dynamic SFI is configured,
· Option 1-3: Dynamic indication in UL grant on which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the dynamically indicated invalid symbols.
· For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols and semi-statically configured reserved symbols.
· If dynamic SFI is configured,
· Option 2-4: A repetition is not transmitted if it conflicts with a semi-static DL symbol and a dynamic DL/flexible symbol
· For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, same behavior as DG PUSCH

Proposal 5
· Nominal number of repetitions K is signaled as part of an enhanced TDRA table entry
· TDRA table size is increased up 32-64 entries

Proposal 6
· In case of segmentation, DMRS insertion follows Rel.15 behavior for a given mapping type and a given starting symbol and duration of the resulting segment

Proposal 7
· Dynamic indication of skipped symbols in a set of slots associated with a given scheduled PUSCH is supported
· Alt.1: skipped symbols are associated with an entry in TDRA table
· Alt.2: skipped symbols are signaled as a separate field in DCI

Proposal 8
· Use the first segment duration for TBS determination and introduce scaling for TBS determination procedure as a function of the first segment, total duration, and slot duration

Observation 1
· Due to unequal PUSCH durations possible with enhanced repetitions, conventional RV cycling sequences do not provide optimal performance
· It should be possible to schedule RV2 followed by RV0 to optimize cases when a first segment is shorter than a second segment

Proposal 9
· Introduce support of all permutations of the RV sequences {0,2,3,1}

Proposal 10
· Support both inter-slot and intra-slot FH with two hops (two frequency positions) for PUSCH with more than one repetition within a slot
· When two or more segments are mapped to one slot, the intra-slot FH boundary is moved to the boundary between segments
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Appendix – Evaluation of RV Sequences and TBS Determination
In this section, first, LLS evaluation of different RV sequences when applied to a combination of segments of different duration, where the first segment is 4 symbols, and the second segment is 8 symbols are presented (see Figure 2). The LLS assumptions are listed in table below.
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[bookmark: _Ref7808958]Figure 2. BLER vs SNR for different RV sequences when total PUSCH is split onto 4 + 8 symbols.

Second, LLS evaluation of different TBS determination schemes when applied to a combination of segments of different duration, where the first segment is 4 symbols, and the second segment is 8 symbols are presented (see Figure 3):
· Based on total duration (12 symbols)
· Based on bigger segment (8 symbols)
· Based on smaller segment (4 symbols)
[image: ]
[bookmark: _Ref7808969]Figure 3. BLER vs SNR for different TBS determination approached for PUSCH split onto 4 + 8 symbols.

	Parameter
	
	Value

	Carrier Frequency
	
	4 GHz

	BW, SCS
	
	40 MHz, 30 kHz

	Allocation
	
	16 RB

	Antenna
	
	1 x 4, low correlation

	DMRS
	
	Type B mapping, 1 symbol in beginning of every repetition; one additional symbol in case of single repetition

	MCS
	
	TBS determination follows first segment. 
TBS1 = 504 bit
TBS2 = 2088 bit

	Channel
	
	TDL-C 300 ns DS
10 Hz max Doppler shift

	Channel Est
	
	MMSE with 2 RB bundling size
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